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TECHNICAL MEMORANDUM 


INVESTIGATION OF SURFACE TENSION PHENOMENA 
USING THE KC-135 AIRCRAFT 

INTRODUCTION 


The KC-135 aircraft, Hovvii in repetitive ballistic Irajcctories, offers an extremely valuable means 
of carrying out short-term microgravity tests for modest cost. In addition to several elaborate low- 
gravity investigations being carried out in this aircraft, other research activities can benefit greatly, such 
as quick testing of a theory, confirmation of a principle, qualitative work preliminary to a quantitative 
investigation, and precursory testing of various apparatus. A definite advantage to this method of 
investigation is the presence of an onboard investigator who can respond rapidly in the event of equip- 
ment malfunction, or provide experienced judgement in procedural changes to optimize data yield, 
Especially valuable is the relatively informal, frcc-format type of investigation that can be carried out 
in a low-g environment in the aircraft. This type of approach is not generally possible at this stage of 
the Space Shuttle program because of the cost and complexities of manned orbital Eight. The less 
formal research environment provided by the KC-135 greatly enhances creativity and spontaneity in tlic 
discovery process and allows many interesting small-scale experiments to be conducted whicli, apriori, 
may not justify a Shuttle flight, but may well provide a key link to a significant new avenue of 
thought. 

Three such experiments were pcrforimd during the May and July flights of 1^82. A description 
of the experiments, their objectives and results, follows. 


CRITICAL WETTING EXPERIMENT 


Description 


An experiment was performed to determine the feasibility of measuring critical wetting tempera- 
tures in the KC-135 microgravity environment. This work is important to an on-going investigation of 
monotectic systems being carried out by Dr, Donald 0. Frazier, Space Science Laboratory, Marshall 
Space Flight Center. These metallic materials could prove to be useful for electrical or superconductive 
purposes, but tlie liquid-phase immiscible behavior which gives the systems their desirable properties 
also makes it formidably difficult to obtain in situ composites directly from the melt. Research has 
been done using SPAR rockets to investigate the effect of eliminating gravitationally dependent separa- 
tion due to density differences between the two liquid phases [1,2J. Movvever, phase separation mech- 
anisms unreialid to gravity also exist and this low-gravity work has indicated that they may be very 
significant. 


Critlcul point wetting :ipp<^iirs to be one of the most indiientitil factors in the low-gravity separa- 
tion of immisciblcs [3). This may manifest itself as wetting of tlie container wall by one of tlie phases, 
or as wetting of the solid growth front preferentially by one of the phases. The former ease re.siilts, if the 
minority phase is tlie wetting phase, in samples with a shell of minority pliase material around the outer 
surface, wliile tlie latter effectively prevents steady-state composite growUi, since no stable three-phase 
junction can form 14). 

However, critical point wetting is not fully understood. Obtaining accurate data on critical wetting 
temperatures is an arduous process. Tlie simplest metliod is to measure tiic contact angle of tlie interface 
between the two liquid pliascs with tiic solid as the critical welting temperature is approached. However, 
in i-g tliis angle is difllcult to measure because large density differences between tiic two pliascs force the 
interface flat (Fig. 1). Altliough the contact angle approaches 0 deg as tlie temperature approaclics critical 
wetting temperature, the radius of curvature near tiic solid surface is so small that it cannot be deter- 
mined wltli confidence. By removing gravity, tiic interface sliould relax to a shape determined solely by 
interfacial forces and the contact angle between the two liquid pliascs and the container wall can easily 
be measured. Since tlie KC-135 flics a series of subsequent parabolas, the sample may be slowly heated 
or cooled so that tiic contact angle measured during cacli low-gravity parabola is at a slightly different 
temperature. In this way tiie contact angle may be determined as a function of temperature and tlie 
critical wetting temperature can be found. 


Procedure 

Tiic simple liand-licld experiments performed aboard tlie KC-135 were designed as feasibility 
experiments to show that at niicrogravity, Interfacial free energy effects ratlier than density effects 
dominate interface sliapes and an easily measured angle will fomi. Tlicse will serve as precursors to a 
more elaborate experiment witli improved pliolognipliy and temperature control. A metal model system, 
55 wt% ethanol in succinonitrilc, was enclosed in a flat quartz cuvette and the angle made by the inter- 
face between tlie two liquid pliases in contact witli the edge of the cuvette was observed. Tlie cuvette 
was cooled and warmed through the critical wetting temperature: a qualitative measure of temperature 
was obtained by monitoring calibrated liquid crystals strips on the cuvette face. Variation in interface 
shape and contact angle were iecorded by both still and motion photography. 


Results 

An initial uncertainty concerning the system was whether a stable interface dominated by inter- 
facial forces would form in the available time. Also tliere was concern tliat tlie transition from micro- 
gravity to the 2-g pullout would cause mixing of the two pliases. However, tills did not occur. The 
phases maintained a single interface whicii quickly assumed a characteristic angle as soon as microgravity 
conditions prevailed. Photographic resolution proved good enough that the liquid crystal indicators could 
be read from the prints. A dark background witli side lighing revealed a contact angle wliich was easily 
discernible to the eye, but the lack of contrast made photography difficult (Fig. 2). 


Conciusions 

Tentative results were obtained from tlie liand-held cuvettes, but because temperature measure- 
ment was imprecise, the results must be viewed as preliminary. However, the experiment sliowcd that 
the KC-135 provides a suitable environment for acquiring critical wetting temperature data. A more 
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refined version of this experiment is planned for a f itnrc KC-135 fligiU. A primary feature of tlie 
experiment will be improved temp'roture measurement through the presence of thermal sensors within 
the liquid which will yield a digit il readout for precise correlation of temperature with contact angle. 


AMPOULE TRANSLATION EXPERIMENT 


Description 

The challenge of designing crystal growth furnaces which will function effectively on the Space 
Shuttle has inspired the concept of surrounding the ampoule in the furnace cavity witli a low 
melting point metal. This interface between ampoule and furnace could serve two purposes. First, at 
ambient temperatures the metal will be solid. This would support the quartz ampoule against the vibra- 
tions of takeoff. Then during crystal growtli, the metal will become liquid at a relatively low temiiera- 
turc and provide good thermal contact between furnace and ampoule. This could substantially increase 
the gradient that can be achieved. Also, hot spots caused by a slightly off-center ampoule may be 
alleviated. 

The clioice of metal and design of the system requires consideration of a number of factors. 
Evaporation and corrosion must be avoided. The liquid metal must be retained in the furnace in zero- 
gravity, although the system must be open to allow the ampoule to be translated out. The level of 
surrounding metal must be held constant to maintain static thermal profiles, Wicking must be prevented. 

The purpose of this hand-held KC-135 experiment was to examine the effectiveness of surface 
tension as a means of keeping the cushioning heat-transfer liquid in the furnace during ampoule trans- 
lation. It was proposed that choosing a metal which wets the furnace Imer but not the ampoule would 
result in retention of the liquid within the cavity. A nonspreading barrier around the mouth of the 
furnace should prevent wicking. 

Obviously this concept must be tested before implementation and molten metal in an open 
system could prove inconvenient to work with initially. As a preliminary investigation, two simple 
hand-held experiments were designed using water as the cushioning liquid, pyrex to represent the 
furnace liner, and a teflon rod to simulate tlie translating ampoule. 


Procedure 

The first experiment design simulated the ampoule with a large magnetic stirring rod which was 
inserted into a pyrex test tube, allowing approximately 0.5 cm clearance (Fig. 3). Regularly spaced 
indentations were made in the outside of the test tube to provide fingers to guide and center the rod in 
the tube. To discourage the water from wicking out around the edge, a lip of teflon tape was wrapped 
around tiie mouth of the tube. A second magnetic stirring rod could be used externally to control the 
motion of the inner rod through the wall of the tube, Before entering the zero-gravity cycle, the test 
tube with rod in place was filled with water. The rod was then translated during zero-gravity by means 
of the external magnet. 

This design was upgraded for a second experiment in wliich tlie teflon stirring rod was replaced 
by a 40-cm teflon rod and the tube was open at both ends (Fig. 4). A rubber septum was fitted to the 
tuoe at one end, pierced for insertion of the rod, to act as a guide and to constrain the water during the 
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2-b portion of the fliglit maneuver, but a syringe without plunger was Inserted through the rubber to 
prevent the formation of an air-ti^it seal. The teflon rod entered the tube through the septum and was 
translated out the other end, which was wrapped with a lip of teflon tape, 


Results 

Because the tube used in the first design was closed on one end, gradual removal of tlic rod from 
the tube resulted in a drop in water level, making it necessary to fdl continuously during the translation. 
This proved to be very difficult to coordinate during the KC-135 parabolic maneuver. When tlie Inner 
rod was held stationary in a position protruding from the tube, and the tube was oveir-fillcd with water 
during low-gravity, the water was held in place through surface tension although it bulged well out 
from the top of the test tube (Fig. 5), Tlie teflon-taped rim seemed to be effective in constraining the 
water. 


In order to assure that the action of translating the ampoule would not disrupt this stability, 
the revised design allowed for a constant water level during translation, Wicking did not occur, nor did 
the water escape freely, but occasional drops did cling to the teflon rod as it was witlidrawn from the 
tube, Tliis may liavc been a result of marks drawn with indelible pen at regular intervals on the teflon 
rod to make the translation apparent in motion photography. The wetting characteristics of the ink 
could differ from that of the teflon, enabling water droplets to cling at those points. The general 
behavior of the water, liowevcr, was to remain within the pyrex tube. 


Conclusions 

The stability of the water in these configurations shows tliat a liquid wliich wets the furnace 
liner but not the ampoule may be retained in an open furnace even during low-gravity. An experiment 
involving a low melting point metal is planned to verify that the principles will hold for the materials 
of interest. 


ZERO-GRAVITY NONWETTING EXPERIMENT 


Description 


A motivation for growing crystals of HgCdTe from tiie melt under low-gravity conditions is to 
discover how the absence of buoyancy-driven convection may infiuence the composition of the crystal. 
This material is particularly prone to segregation, and natural convection due to density differences in 
the alloy components is thought to be a factor [5], A Shuttle experiment may help to determme the 
extent to which composition is affected, but only if buoyancy-driven convection effects can be isolated. 

In low-gravity, however, surface-tension driven flow (Marangoni effects) can become significant. 
If the molten liquid were to separate from the wall of the quartz ampoule due to the non wetting ten- 
dencies of this mercury compound and to its proximity, at such elevated temperature, to its critical 
wetting temperature, then a large liquid/vapor interface could exist. This surface would liave nonuni- 
formitics of both temperature and composition over the length of the ingot as a result of furnace 
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temperature profiles ■und the crystal growth process, Consequent variations in surface tension would 
cause Marangoni'type convection to assume significant proportions [6], Effects of the absence of 
buoyancy'driven convection could be eclipsed by tills flow, 

The question of interest, tlien, is whetlicr a nomvettlng fluid would separate from the ampoule 
wall under low-gravity conditions. 


Procedure 

Approximately I ml of distilled water was placed in a plastic test tube which had f dghtly 
fitting screw cap. The water did not wet the walls of the tube; that is, it exhibited a coiU ict angle 
greater than 90 deg. Several colored substances were tried to enhance contact angle visibility, but they 
were found to have a wetting effect, so water alone was used. The behavior of the water on the plastic 
was observed under low-gravity. 


Results 

Without the hydrostatic head pushing the interface flat, the contact angle between water and 
plastic gave the appearance of mcrcasing. Water drops formed a higher dome. Droplets clinging to the 
walls of the tube could not, however, be dislodged to free-float, even by vigorous shaking and tapping. 
Thus the area of the water/vapor interface increased, and the area of the watcr/plastic interface 
decreased, but separation from the walls of the tube was not complete. 


Conclusions 

The apparent increase in contact angle may have been illusory. Since the radius of curvature of 
water/vapor interface at the cell wall was quite small in 1-g, ,'he magnitude of the angle was difficult 
to judge. (This is the rationale for performing critical wetting measurements in microgravity, as described 
in a previous section.) The increase in liquid/vapor interface area, however, was real and would provide 
increased opportunity for surface-tension driven convection. 

Furthermore, the system was well below its critical wetting temperature, while liquid HgCdTe 
will be much closer to its T^,^. Thus, the alloy will exhibit greater tendency to separate from the 

ampoule walls, allowing a vapor space to intervene. In order to model this system more closely, a 
further experiment has been proposed utilizing materials which are near their critical wetting tempera- 
tures when at room temperature, Tliis experiment cannot be performed on the KC-135 for safety 
reasons, as such materials are flammable and have extremely high vapor pressures. A drop-tower experi- 
ment is being considered. 


SUMMARY 


This trio of investigations concerning surface phenomena demonstrates the effectiveness of tlie 
KC-135 as a microgravity research environment for small-scale, hand-held experiments. The critical 
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wetting ceil lias led to tlic development of precision apparatus for measuring contact angles quantita- 
tively to be tested shortly on the KC-135. Further investigations into the feasibility of a heat-transfer 
liquid within a furnace cavity arc being planned on the strength of results from the watcr/tcflon/pyrcx 
model. The nonwetting investigation raises questions of importance concerning a future Shuttle experi- 
ment. Bv confirming hypotlicses tlirougli tliese preliminary experiments witiiin a flexible research 
environment, moro elaborate investigations can now be justified. 



Figure 1, Interface behavior in normal gravity and low-gravity. Contact angle of 
liquid/liquid interface with wall of cell approaches zero as critical wetting 
temperature is approached, but flat interface in 1-g makes angle 
difficult to measure. Interfacial forces dominate in micro- 
gravity, so small contact angles are easily measured. 
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Figure 3. First ampoule translation design. 



Figure 4. Second ai jpoule translation design. 



OWCINAL 
OF POOR 


PACZ v3 

quality 



Figure 5. Ampoule translation experiment m low-gravity 
Tube has been overfilled with water. 
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